Introduction
The universal, obligate and highly specific commitment of cestodes to a parasitic mode of existence is reflected to a large degree in the extent of physiological integration achieved between these helminths and their hosts. Though usually defined primarily in nutritional terms, the basis of this symbiotic relationship may well include dependence on a wider spectrum of environmental factors impinging directly on specific physiological mechanisms. Tapeworms appear unable to carry out certain homeostatic functions normally associated with the physiology of free living forms, particularly those operations involved with maintaining steady state levels of free pool metabolitcs (R~AD, ROTHMAN and SIMMONS, 1963) . The successful establishment and maintenance of the host-parasite relationship would seem to depend, therefore, not only on the presence of specific host-provided chemical entities but, further, on the degree of possible interchange which can occur between the environment of the parasite, specified in turn by the physiology of the host organism, and the parasites' metabolic pathways.
READ, ROTHMAN and SIMMONS (1963) have defined the host parasite interface as the "region of chemical juxtaposition of regulatory mechanisms of both host and parasite". Implicit in this concept of the hostparasite interface is a structural entity, which, in the case of the cestodes, might be interpreted as including the parasite's body surface. Lacking an alimentary organ system, the interchange of materials between the tapeworm and its environment involves their passage directly through the worm's integument. Pursuant to an understanding of the microecological aspects of the host-cestode relationship, knowledge of the * This study was supported in part by grants from the National Institutes of Health, U.S. Public Health Service (5 TI AI 106 and AI 01384) and the American Cancer Society . Portions of this investigation were conducted under the tenure of a prcdoctoral fellowship (1-F1-GM-23,449-01) from the U.S. Public Health Service. n a t u r e of the tapeworm i n t e g u m e n t assumes p a r a m o u n t significance. However, t h a t the cestode surface is yet b u t poorly defined is best evidenced b y the following s t a t e m e n t of READ, ROTHMAN and SIMMOnS (1963) : " I t cannot be decided as yet whether the interface, in the case of a cestode, should be considered to include a specific b o u n d i n g m e m b r a n e or the entire i n t e g u m e n t , which (previous) studies . . . have shown to be accllular."
According to classical interpretation based on observations by light microscopy alone, adult tapeworms are devoid of a true epithelial epidermis, the integument consisting of a non-living, trilaminate cuticle overlying the cellular components of the subcuticle. This notion of the structure and nature of the tapeworm cuticle is inconsistent with any speculation that it functions as a physiologically active absorptive surface. As a result, perhaps, earlier investigators (eg: SC~IEFFER-DECKER, 1874; PRATT, 1909; YOUNG, 1908; MINCKERT, 1905; were prone to attribute any non-random movement of absorbed materials in the cestode integument to "resorbierende", "nutritive" or "foodgathering" cells and the like residing primarily in the subcuticulum. Electron microscope studies of tapeworms have been preliminary in nature, though micrographs published by READ (1955) , KE~T (1957) , TI-IREADGOLD (1962) and ROTHMA~ (1963) suggest the presence of mitochondrion-like structures in the cuticle of certain tapeworm species, as well as surface specializations which might be interpreted as concerned with absorptive function. On the basis of his observations of cestode ultrastructure, ROTHMAN (1963) applied the term "tegument" to the surface investment, presumably to differentiate it from cuticles (sensu stricto) devoid of such organelles. However, in a subsequent publication (READ, ROTHMAN and SIMMOh'S, 1963) , this investigator continued to regard the cestode integument as acellular. On the other hand, T~IREADGOLD (1962) interpreted the "tegument" as representing the apical extension of cells whose nucleus-containing areas lay within the subcuticular zone.
Various roles for the tapeworm surface in certain interactions at the host-parasite interface have been implied, although a n u m b e r of questions concerning the nature of the i n t e g u m e n t and its cytological relationships remain unanswered. An integrated study of the tapeworm surface, employing techniques of light and electron microscopy, cytochemistry and autoradiography plus ancillary biochemical methods was therefore undertaken. Results dealing with the structural definition of the cestode surface and associated components are reported in the present paper.
Materials and Methods

A. Biological
Unless otherwise specified, the Hymenolepis diminuta used in this study were obtained from 10-day old laboratory infections of Sprague-Dawley albino rats, maintained as described previously (READ et al., 1963) . The rats were killed by a sharp blown on the head and the worms flushed from the excised gut in the 0.025 M tris-(hydroxymethyl) amino methane-maleate buffered saline (KRT) of READ et al. (1963) 
B. Microscopy
Fixation of diced strobila or whole worms was carried out in ice cold 1% osmium tetroxide buffered at pH 7.4 according to MILLONIG (1961) , 2% acrolein in a 0.06 or 0.09 M monobasic sodium phosphate-sodium hydroxide buffer at pH 7.2 to 7.4, 1% or 3% glutaraldehyde buffered to pH 7.4 with Millonig's (1961) phosphate buffer or 0.1 M cacodylate-HCl, for 60 to 90 rain. Aldehyde fixed tissues were washed thoroughly in cold buffer (4 hours to overnight) and subsequently post4ixed 90 min in buffered osmium tetroxide. Tissues were rapidly dehydrated in ascending concentrations of cold ethanol (to 95% ), then allowed to reach room temperature. Upon completion of dehydration in 100% ethanol and propylene oxide, the tissues were embedded in epon (LvFT, 1961) or a mixture of epon and araldite (MOLLEN~UER, 1964) . Sections were cut on a Sorvall MT-1 or MT-2 ultramicrotome. Those displaying light gold or silver interference colors were collected onto copper grids and treated with aqueous uranyl acetate (WATSON, 1958) , lead citrate (REYNOLDS, 1963) , or a combination thereof (5 min in uranyl acetate followed by 5 rain in lead citrate with brief washing in carbonate-free glass distilled water) This material was examined in an RCA EMU 3F electron microscope operated at 50 KV. For light microscopy thick (0.5 to 1.0 ~) sectioned epoxy embedded sections were mounted on glass microslides and stained with methylene blue and azure II after the method of RICHARDSON et al. (1960) , or a modified periodic acid-Schiff (PAS) technique. According to the latter, mounted sections were subjected to mild oxidation in 1% aqueous periodic acid at room temperature for 10 min, rinsed in distilled water, and incubated 30 min in the Schiff's reagent. The latter was prepared by adding 34 ml --7.4% sulfurous acid (reagent strength) to 250 ml --0.2% aqueous basic fuchsin. This solution was decolorized with charcoal before use. Some sections were counterstained with methylene blue and azure II (RIchARDSON et al., 1960) after applying the PAS reaction.
Results
A. General Histology o/ the Integument
T h r e e p r i m a r y zones m a y be distinguished in a cross section of t h e t a p e w o r m p r o g l o t t i d . The m o s t peripheral, f o r m i n g a c o n t i n u o u s layer a r o u n d the circumference of the proglottid, corresponds to the cuticle of classical descriptions. T h e subcuticular zone, d e m a r c a t e d f r o m t h e cuticle b y a p r o m i n e n t b a s e m e n t layer, consists m a i n l y of e l o n g a t e d cells o r i e n t e d p e r p e n d i c u l a r l y to t h e cuticle, circular, l o n g i t u d i n a l a n d d o r s o -v e n t r a l l y d i r e c t e d muscle fibers. T h e medullary zone contains the m a j o r organ s y s t e m s of the p r o g l o t t i d , including t h e e x c r e t o r y , n e r v o u s a n d r e p r o d u c t i v e structures, or, in the i m m a t u r e p r o g l o t t i d , the s o m a t i c a n d g e r m i n a t i v e anlagen, a n d m a y be set off f r o m the s u b c u t i c u l a r zone b y large l o n g i t u d i n a l muscle fibers.
A t the level of light m i c r o s c o p y (Figs. 1 a n d 2), the free surface of t h e cuticle a p p e a r s as a fringe of fine f i l a m e n t o u s processes. This b r u s h b o r d e r is e q u i v a l e n t to the comidial layer described b y MINCKERT (1905) and others in previous studies of the t a p e w o r m surface. The cuticular m a t r i x contains small granules which seem to be more numerous along the basal surface (Fig. 2) . I m m e d i a t e l y beneath the subcuticular base- m c n t layer is a thin layer of muscle fibers. Constituting the predominate cell t y p e of the subcuticular zone are somewhat flask-shaped cells whose long axes are oriented at right angles to the cuticle. These cells possess a basal, ovoid nucleus containing one or more prominent nucleoli.
Branched, tapering apical processes of these cells project to the cuticular basement layer, or penetrate the latter and extend to the base of the cuticle itself. The subcuticular cells do not form a continuous epithelium but occur either singly or clustered in irregular trabecular arrays.
At the level of electron microscopy ( Figs. 3 and 4) , the cuticle of all tapeworm species examined appears as a continuous layer whose free surface is projected as a series of tightly spaced digitiform processes morphologically resembling the microvilli comprising the brush border of numerous vertebrate and invertebrate epithelial cells. Vesicles and granules of variable size and consistency fill the moderately dense ground substance of the cuticular matrix. Mitochondria, whose size and abundance varied with the species of tapeworm examined, are present at all levels of the cuticle, but were most frequently observed in the proximal third of this structure, often adjacent to the basal membrane. Nuclei and lateral membranous partitions were not observed in the cuticular zone of the tapeworms utilized in this study. The subcuticular basement layer (Figs. 3 and 8) rests atop a narrow band of non-striated circular muscle fibers which in turn lie superficial to bundles of smooth muscle fibers oriented parallel to the longitudinal axis of the proglottid. The basement layer may reach a thickness of 1.5 [z, and consists of a loosely packed lamina of fine, cross striated fibrils, some of which branch inwardly from the basement layer as part of the interstitial subcuticular and medullary stroma. At intervals, the basement layer is perforated by tendrillar processes of the underlying The elongate, flask-shaped subcuticular cells possess branching apical processes which extend between the bands of subcuticular musculature and basement layer to the base of the cuticle ; at these points of abutment, the basal cuticular and subcuticular cell membranes are continuous Electron opaque, osmiophilic inclusions of variable size, probably lipid droplets, occasionally occur in the perinuclear cytoplasm of these cells. A finely filamentous coating can be discerned on the surface of the apical cuticular membrane. Between the bases of the microvilli the apical m e m b r a n e forms shallow crypts (arrows). Note the relationship of certain vesicles (V) in the cuticular matrix with these apical crypts. The heterogenous appearance of the cuticular vesicles and granules here is typical of this and the other species of tapeworms examined. Glutaraldehyde-osmium fixation, uranyl acetate-lead citrate stain. × 24,000
Numerous dense granules, 150--200 A in diameter appear in the cytoplasm arranged in small packets or spiral configurations and presumably represent polyribosomes (Fig. 11 ).
Interspersed among the subcuticular cells are processes of parenchymal cells residing primarily in the medullary tissues of the proglottid. These processes, which are packed with large rosettes of glycogen granules, project apicad, terminating at the level of the subcuticular basement layer. This glycogen accounts for the PAS positive material distributed between the subcuticular cells in Fig. 1 . Lipid-like deposits also occur in these medullary parenchymal cell processes. 
B. Fine Structure o/the Apical and Basal Cuticular Su,Jaces
The microvilli ("microtriches" of other authors) lining the free surface of the cestode integument are elongate cylindrical projections sharply attenuated at their distal extremities. The conical tip of each microvillus contains an electron opaque area immediately beneath the limiting membrane (Fig. 5 ). The dimensions of the microvilli are subject to considerable interspecific variation; in H. diminuta the microvilli of the strobilar integument average 750 mbt long by 160 mbt wide at their bases, while in Lacistorhynchus and Calliobothrium the cuticular microvilli reach a length of over 2.0 bt. The medullary core of each microvillus is continuous with the cuticular matrix. In tissues preserved with glutaraldehyde or acrolein and postfixed in osmic acid, numerous tubular or filamentous elements can just be discerned in the periphery of each nficrovillus (Fig. 7) . The plasma membrane of the microvillus is separated from the zone of filaments by a distance of approximately 50 A. Each filament measures approximately 70 A in diameter. These structures appear to extend the length of the microvillus, continuing for an undetermined distance into the cuticular matrix.
The apical cuticular surface (Figs. 5 and 6) is delineated by a continuous trilaminate membrane 85 to 100 A thick, consisting of 2 parallel opaque components separated by a less dense intermediate layer 30 to 35 A wide. A fine, amorphous coating is applied to the outer surface of the unit membrane (Fig. 5) . Between the bases of the microvilli the apical membrane forms shallow infoldings or crypts (Fig. 5) .
The basal cuticular membrane ( Fig. 8 ) is approximately 80 A thick and follows a relatively straight course along the surface of the basement layer. Where the apical process of an underlying subcuticular cell meets the basal surface of the cuticle, there is a fusion of the plasma membranes (Fig. 8 ) and the cytoplasm of the subeuticular cell and the euticular matrix is continuous. Between the zones of subcuticular cell attachment, the basal membrane is frequently reflected as a small hillock approximately 200 m~ in diameter (Fig. 8) ; here, the basal membrane is markedly thickened (to 150 A) and coated with extremely fine filaments which radiate laterally and apically into the cutieular matrix. The crypt of each hillock is filled with a moderately dense, amorphous material which also lines the outer face of the remainder of the basal membrane. These specializations of the basal membrane most likely represent adhesive plaques or half-desmosomes which provide for the secure attachment of the cuticle to the basement layer. Very rarely, in H. diminuta, the basal membrane may be thrown into a major cylindrical evagination approximately 0.75 ~ in diameter enclosing a finely fibrilar matrix continuous with the basement layer (Fig. 9) . At these sites, the apical portion of the cuticle is reflected inwardly and approximates the projections of the basement layer, though the latter have not been seen in direct contact with the apical membrane or opening onto the external surface. The nature or significance of these basal evaginations has not been ascertained.
C. The Subcuticular Basement Layer
The subcuticular basement layer (Fig. 8) is a relatively thick (1.5 ~) heterogenous, extracellular zone lying between the basal cuticular membrane and sarcolemma of the circular subcuticular musculature. It is composed chiefly of reticular fibrils measuring approximately 125 A in diameter, which are arranged roughly at right angles to one another and loosely embedded in a hyaline matrix. In aldehyde-fixed tissues, fine vertical striations with a period of approximately 50 A can be resolved along the length of individual fibrils. Immediately superficial to the fibrillar zone is a thin (50 mg) amorphous layer of increased density which parallels the course of the basal cuticular membrane. Morphologically, this layer closely resembles the "basement membrane" underlying epithelia in general (PEASE, 1960) .
D. Mitochondria
Mitochondria are relatively numerous in the cuticular matrix of H. diminuta and L. tenuis but are only occasionally encountered in the cuticle of C. verticillatum. In all three species, the cuticular mitochondria are confined chiefly to the mediobasal region, where, especially in Lacistorhynchus, they may be aligned in multiple tiers (Fig. 4) . The cuticular mitoehondria of Lacistorhynchu~ are sometimes branched; in section, the average dimensions of an avoid profile are 1.2 by 0.6 ~t, in contrast to the smaller (0.3 to 0.4 ~) cuticular mitochondria of Hymenolepis (Fig. 3) and Calliobothrium. The cuticular mitochondria are composed of a smooth outer membrane separated by a narrow, uniform space from a second inner membrane. The latter is plicated, forming the thin villiform cristae mitoehondriales. The cristae, characteristically sparse in the mitochondria of all 3 species examined, extend for variable distances into the inner mitochondrial matrix, their length seldom exceeding half the transverse diameter of the mitochondrion. In acrolein or glutaraldehyde fixed tissues, the mitochondrial matrix occasionally contains a few very small, dense granules (Figs. 4 and 8) . The mitochondria of the juxtanuclear and apical cytoplasm of the subcuticular cells do not differ morphologically from those of the cuticle. By contrast, the mitochondria occuring in the glycogen-filled medullary parenehymal cells and their apical subcuticular extensions are larger and contain relatively longer and more numerous cristae.
E. The Subcuticular Cell Nucleus
The interphase nucleus of the definitive subcuticular cell (Figs. l0 and l l ) is typically located towards the basal pole. The nucleus is enveloped by a double membrane, whose inner and outer components are separated by a perinuclear space averaging 125 A wide. At intervals about the circumference of the nuclear envelope, the inner and outer membranes fuse, forming a pore approximately 600 A in diameter (Fig. I 1) . What appears to be a thin diaphragm roughly half the thickness of the nuclear envelope, can be seen interdicting the fenestral aperture. The outer nuclear membrane is studded with dense 150 to 200 A particles, presumably ribosomes. The subcuticular cell nucleus contains one or more prominent nuclcoli (Fig. ll) . These heterogenous structures consist of ~ finely textured, amorphous electron opaque area surrounded by Fig. 10 . The basal, nucleus-containing portion of a subcuticular cell ill the anterior strobila of H diminuta. The perinuclear cytoplasm is filled with profiles of granular endoplasmic reticulum (ER) and free ribosomes. Adjacent to the Golgi zones (G) the cisternae of the cndoplasmic reticulumare commonly dilated with amorphous material of moderate density. Acrolcin-osmium fixation, uranyl acetate-lead citrate stain. ~ 14,000
numerous granules of uniform size (200 A) and density which comprise the bulk of the nucleolar mass. The sparse chromatin of the snbcuticular cell nucleus appears mainly as peripheral condensations immediately adjacent to the inner nuclear membrane.
F. The Endoplasmic Reticulum o/ the Subcuticular Cytoplasm
The basal, para-and much of the supranuclear cytoplasm is dominated by elongate, branching profiles of the endoplasmic reticulum (Figs. 10, 11 and 14) whose outer surfaces are studded with closely spaced granules approximately 200 A in diameter. Circular or oblong, rough surfaced profiles with an average diameter of 675 m~ are encountered with high frequency, suggesting that much of the endoplasmic reticulum is disposed as a tubular network. Particularly in the cells of the more anterior, or immature, proglottids, the cisternae may Note the prominent, heterogenous nucleolus and the sparse chromatin distributed along the inner membrane of the nuclear envelope. A nuclear pore containing some electron dense material is demonstrated at P. Continuity between the granular cndoplasmic reticulum and the ribosome-studded nuclear envelope is demonstrated at C. Note the amorphous material of moderate density filling the cisternae of the endoplasmic retieulum (ER). The numerous clusters of dense granules oceuring throughout the cytoplasm arc polyribosomes. Acrolein-osmium fixation, uranyl acetate-lead citrate stain. × 21,330 be greatly dilated, reaching a diameter of more than 1.5 ~ (Figs. 10 and ll). Such expanded regions of the endoplasmic reticulum are often encountered directly adjacent to the Golgi apparatus and are continuous with the more lamcllar or tubular granular reticular profiles. The lumen of the endoplasmic reticulum and the perinuclear space of the nuclear envelope are filled with an amorphous material of low to moderate density (Figs. 10 and ll). Occasionally, direct continuity between the membranes of the endoplasmic reticulum and the outer membrane of the nuclear envelope is observed (Fig. 11) . The intercisternal ground substance contains numerous dense 200 A particles, often grouped into rosettes, spiral or circular configurations. These granules, like those attached to the membranes of the endoplasmic reticulum and outer 
G. Golgi Apparatus and Vesicles
The Golgi complex (Figs. 10, 12 and 13) is located in the juxtanuclear cytoplasm, and is typically subdivided into a number of discrete zones. These subdivisions of the Golgi apparatus consist of several smoothsurfaced, flattened, parallel sacs surrounded by numerous vesicles of varying dimensions, and frequently appear in intimate association with the ribosome-studded eisternae of the endoplasmie retieulum. Immediately adjacent to the Golgi zone, small outpoeketings of agranular regions of the cndoplasmic retieulum have been observed (Figs. 12 and 13 ). These evaginations of the eisternal membranes are thickened. Vesicles in the Golgi zone range from 400 to 850 A in diameter and typically possess a thickened inner cortex (300 to 400 A thick) surrounded by a thinner, denser limiting membrane. Mitochondria are usually concentrated about the periphery of the Golgi zones (Fig. 10) . Vesicles occur throughout the supranuelear cytoplasm (Figs. 14 and 15) and are especially numerous in the apical processes leading to the base of the cuticle (Fig. 15) . Here also, elongate mitochondria are characteristically present in close approximation to the vesicular aggregates. Spherical, membrane bound vesicles of variable size (60 to 125 m~ in diameter) and consistency fill the cuticular matrix (Fig. 5) . Some of these cuticular vesicles possess the cortical thickening which is characteristic of the vesicles in the subcuticular Golgi zones and apical cytoplasmic processes. Others contain a more uniformly distributed granular matrix. The latter frequently appear closely approximated to the apical cutieular membrane (Fig. 5) . Uniformly dense bodies up to 150 m~z also appear throughout the cuticular matrix (Figs. 3 to 5 ).
Discussion Though lacking nuclei and lateral membranous partitions, the adult tapeworm "cuticle" is delineated by triple-layered plasma membranes, contains normal appearing mitochondria and other inclusions characteristic of typical cytoplasmic ground substance and should therefore be regarded as a cellular structure. ROSARIO (1962) and BURTON (1964) stated that the surface membrane of Hymenolepis spp. and the trematode Haematoloechus medioplexus, respectively, appeared much thicker than a "typical" plasma membrane. These investigators' published micrographs arc of relatively low magnification and therefore do not resolve the fine structure of these surfaces. However, in some of BURTON'S (1964) excellent pictures of Haematoloechus, a dense amorphous material appears as an irregular coating over the free surface of the integument. It seems likely, as suggested by BURTON (1964) , that the surface of the integument of Haematoloechus is represented by a plasma membrane of ordinary dimensions plus an external coating. BJSRKMAN and THORSELL (1964) reported that the surface of the liver fluke Fasciola hepatica was lined by a plasma membrane 100 A thick. In the present study, the dimensions of the unit membrane delineating the apical cuticular surface of H. diminuta (85 to 100 A thick) agree closely with those reported for the plasma membrane at the free surface of numerous epithelial cells, which is consistently 15--35 A thicker than other cytoplasmic membranes (SJoSTRAND, 1963) .
The thin, dense amorphous coating adhering to the free surface of the asymmetric apical cuticnlar membrane (Fig. 5) probably corresponds to the PAS-positive material visualized by light microscopy on the surface of tapeworms and other parasitic platyhelminths (MoNNa, 1959; WALTZ, 1963; BOGITSH, 1963) . Considerable interest has been generated recently in the possible physiological significance of the "glycocalyx" (BENNETT, 1963) a mucoprotein coating all cell membranes. The amount of surface mucoprotein varies according to cell type. KATCItALSK¥ (1964) has reviewed the properties of biological polyelectrolytes, emphasizing the role macromolecular polyanions, such as polysaccharides and proteins, might play in the organization of the cell surface. The studies of BRANDT and PAPPAS (1960) and HOLTER (reviewed in HOLTER, 1965) have shown that the polysaccharide coating the surface of amoebae is capable of binding proteins and colloids present originally in the surrounding milieu. As pointed out by BENNETT (1965) , it seems reasonable to suspect that this material may also bind smaller ionic materials. PHILPOTT and COPELAND (1963) , ELLIS andABEL (1964), and PttILPOTT (1964) suggested a direct functional relationship between electrolyte transport and the acid mucopolysaccharides at the surface of various osmoregulatory cells. The osmoregulatory ability of tapeworms, as investigated thus far (I~EAD et al., 1959) , seems severely limited, though movement of certain electrolytes, notably sodium and potassium ions, appears to be intimately associated with the mediated transport of monosaccharides in Hymenolepis, Lacistorhynchus and Calliobothrium (FISHER, 1965, and personal communication) .
Evidence now available indicates that tapeworms obtain many substances from the milieu exterieur by a process which cannot be attributed solely to simple diffusion. The entry rate of certain monosaccharide sugars (PHIFE~, 1960, a, b, c; READ, 1961) amino acids (READ et al., 1960 (READ et al., , a, b, 1962 (READ et al., , 1963 certain purines, pyrimidines and their ribosides (MAcI~TNIs et al., 1965) is not a linear function of the external concentration but instead follows adsorption, or MICItAELIS-MENTEN, saturation kinetics. Additionally, and perhaps more significant, is that the movement of these substances can occur against a chemical concentration gradient, is contingent upon metabolic energy resources and is competitively inhibited by chemically similar compounds. Thus, it would appear that in tapeworms the acquisition of a number of compounds is a mediated process which meets the criteria set forth by CRANE (1960) and WILSON (1962) for active transport. Studies with the electron microscope reveal that the tapeworm cuticle is morphologically well suited for an absorptive function. The free surface area is considerable, due to the presence of numerous, closely packed microvilli which provide an expanded membranous interface for the exchange of material between the tapeworm and its environment. The basal pole does not reveal any particular modifications for increased surface area, though the proximal distribution of mitochondria (Fig. 4) would be of significance in energy-requiring physiological events at the basal cuticular membrane.
While anucleate in the strict sense, the coenocytic cuticular cytoplasm is potentially under the influence of nuclei in the underlying subcuticular cells, joined without structural interception to the basal cuticular membrane. Though morphologically quite disparate, the subcuticular cells and the cuticle thus constitute an integrated syncytium, the latter integumentary component being highly specialized for surface absorption, the former for biosynthetic and secretory activities. The results of numerous histochemical investigations indicate that the tapeworm cuticle is rich in structural and enzymic proteins, though studies with the electron microscope have failed to reveal the presence of structures normally associated with the synthesis of polypeptides, such as ribosomes, in the cuticular matrix. Observations of the sequential labeling of the integument following the administration of radioactive amino acids have provided direct evidence for the role of the subcuticular cells in protein synthesis and its subsequent export to the cuticular matrix (LuMsDEN, 1965a, b) . Additionally, the ultrastructure of these cells is consistent with the elaboration of a proteinaceous secretory product.
Amino acids incorporated into proteins or peptides destined for secretion are believed to be polymerized on ribosomal templates preferentially associated with the membranes of the endoplasmic reticulum. Evidence for this has been derived mainly from numerous studies of the fine structure of cells otherwise demonstrably engaged in protein synthesis and export, such as mammalian pancreatic acinar cells, plasma cells, fibroblasts, etc. which possess a highly developed granular endoplasmic reticulum (for examples see PORTER, 1961; EMMELOT and BENEDITTI, 1961 ; HAGUENAU and HOLLMAN, 1961 ; JACOB and JLTRAND, 1963; TANDLER, 1962; PALADE, 1956; PALADE et al., 1954 PALADE et al., , 1962 FAWCETT, 1965; SJOSTaAND, 1961; HERMAN et al., 1962a HERMAN et al., , b, 1965 .
More direct support for this hypothesis has come from studies combining techniques of electron microscopy and biochemistry (SIEKE-VITZ and PALADE, 1958a, b, c) or autoradiography (eg: CARO, 1961; CARO and PALADE, 1964; REVEL and HAY, 1963) . By similar methods, the proteinaceous secretory product has been traced from the cisternae of the endoplasmic reticulum to the Golgi apparatus, where ostensibly it is packaged into smooth membrane bound vesicles for subsequent movement to the cell surface and expulsion (CARo, 1961 ; GREENE et al., 1963; WARSHAWSKY et al., 1963; CARO and PALADE, 1964) . Recent studies (GOODMAN and LANE, 1964; FEWER et al., 1964) have implicated the Golgi membranes as probable assembly points for certain export carbohydrates, such as the polyhexose sulfate esters of mucopolysaceharides.
A similar pathway of protein synthesis and intracytoplasmic movement in the subcuticular cell can be inferred from the present study of the cestodc integument. While the lumen of the tubular granular endoplasmic reticulum in the subcuticular cells is usually of narrow calibre, greatly dilated cistcrnae adjacent to the Golgi apparatus were frequently encountered in cells demonstrably engaged (by autoradiography) in high levels of amino acid incorporation and protein secretion (Fig. 9) . WATANABE (1965) has described comparable distension and vesiculation of the granular endoplasmic reticulum in pancreatic acinar cells during pilocarpine-induced secretory activity. It is tempting to speculate that the amorphous material filling tbe ER eisternae of the subcutieular cells (Fig. 10) represents accumulated protein awaiting transfer to the Golgi region. The appearance of the ER in the subcuticular cells described here does not appear to be the result of a fixation artifact, as suggested by BURTON (1964) in his studies of Haematoloechus subcuticular cells. In the immediate vicinity of the Golgi zone, the thickened outpocketings of agranular portions of the endoplasmic reticulum (Figs. 12 and 13) are believed to give rise to the vesicles concentrated in the adjoining Golgi region which also possess a thickened cortex. Studies by HIRSCIt (1961), ZEIGEL and DALTON (1962) , ESSNER and NOVIKOEF (1962), WISSm (1963) , KVROSUMI (1965) and others have indicated that the majority of vesicles associated with the Golgi zone of protein secreting cells probably arise initially from the endoplasmic reticulum. I t seems justified at this point to identify most of the vesicles appearing in the subcuticular Golgi zone (Figs. 12 and 13 ) with the transport of protein from the cisternae of the endoplasmic reticulum. ROTH and PORTER (1964) have described vesicles with thickened cortices derived from surface pits believed to be engaged in the uptake of protein at the surface of mosquito oocytes. These and similar observations (GOLD-BERG and GREEN, 1964; JAMIESON and PALADE, 1964) suggest that such vesicles may be generally indicative of quantum intracellular protein transport.
Further elaboration of the subcutieular secretory product may occur in the Golgi apparatus. The exact role of this organelle is yet uncertain, though mediating fusion of smaller vesicles, concentration of the secretory product, synthesis and/or secretion of non-protein components (such as polysaccharides) with the primarily proteinaceous material derived from the endoplasmic reticulum are but some of the functions which have been attributed to the Golgi membranes of secretory cells. The majority of the vesicles occuring in the apical cytoplasm and cuticular matrix (Figs. 12 to 15 ), while slightly larger and denser than those associated with the ER/Golgi areas, are probably Golgi derivatives. The presence of mitoehondria in the periphery of the Golgi area and proximal to the aggregates of vesicles in the apical cytoplasm (Figs. 10, 12 and 13) is suggestive of an energy requirement associated with the movement of these vesicles through the cytoplasm. Possible activity in this regard might include the addition or elimination of specific vesicular contents, as the density of the vesicle matrix increases with greater distances from the Golgi zone.
Vacuole-like structures in the cuticular matrix of various tapeworms have been described by previous investigators of cestode fine structure (ROTI~[MAN, 1963; TttREADGOLD, 1962; RACE et al., 1965) . It has been suggested that these might arise by pinocytotic activity of the apical integumentary surface. During the present study, infoldings of the apical euticular membrane were observed (Fig. 5) . Vesicles within the cuticular matrix may appear in close approximation to these surface pits (Fig. 5) . It cannot be determined from the static electron microscope image if these structures are involved in uptake of exogenous materials at the integumentary surface (i.e. pinocytosis) or the release of secretory material at the apical membrane. It should be emphasized that the observations reported here do not preclude the possibility ofconeommitant pinocytotic and secretory activity in the tapeworm integument.
Pinocytosis involves movement of considerable areas of membrane from the cell surface. A cycling of membrane between the surface and cell interior has been postulated (BENNETT, 1956) to account for replacement of plasmalemma lost through pinocytosis.
Like the cestode integument, the cuticle of digenetic trematodes has been revealed as a cellular syncytium (THREADGOLD, 1963; BJORK-MA~ and THORSELL, 1964; BURTON, 1964) . As demonstrated by BJ() RK-MAN and THORSELL (1964) , the anucleate cuticle of Fasciola hepatica is lined apically by a plasma membrane, contains mitochondria and vesicular profiles interpreted by these authors as "an inconspicuous endoplasmic retieulum". BURTON {1964) suggested that the subcuticular cells of Haematoloechus are engaged in the synthesis and secretion of "dense bodies" which appear concentrated in the cuticular matrix. Surface microvilli, which seem to be a general feature of the cestode integument, are absent among the trematode species examined to date.
In contradistinction to parasitic platyhelminths, free living flatworms are covered by a more conventional, non-syncytial epidermis. As seen in electron micrographs published by KLIMA (1961) , the epidermis of several species of triclad turbellarians (Planaria, Dedroeoelium) is comprised of a simple ciliated columnar epithelium resting on a fibrilar basement layer. The epidermis of the acoel Convoluta convoluta, as described by PEDERSEN (1964) , is also composed of clearly delineated ciliated cells. However, the basal, nucleus-containing portion is insunk into the region circumscribed by the subepidermal musculature. The apical cytoplasm of the epidermal cells contains varying numbers of mitochondria, a prominent Golgi apparatus, occasional profiles of granular endoplasmic reticulum, and numerous vacuoles ranging in size from 300 A to 0.6 ~ in diameter. Convoluta, like other acoels and cestodes, lacks a gut, though possesses a small ventral "mouth" lined with an infolded epidermis which stretches into the interior of the animal for a short distance. Some of the vacuoles appearing in PEDERSEN'S (1964) micrographs of the epidermal cells are partially filled with a heterogenous granular matrix, and many are in contact with the free surface, suggestive of phagocytic or, alternatively, secretory activity. A few microvilli are interdispersed between the cilia at the apical surface. In its fine structure, the integument of Convoluta represents an intergrade between the typical columnar epithelium comprising the epidermis of triclad planarians and the highly modified syncytial surface of trematodes and cestodes. There is evidence (C. P. READ, personal communication) that, like tapeworms, Convoluta actively absorbs amino acids through the surface integument.
The derivation of the complex adult cestode integument will probably be resolved only by studying the fine structure of developing post-embryonic larval forms. However, some speculation regarding the ontogeny of the cestode surface, based on the structure of the adult integument, appears warranted at the present time.
It seems quite probable that the cestode integument differentiates from an epithelium similar to that seen in the acoel tnrbellarian Convoluta, the underlying perinuclear cytoplasm becoming differentiated for biosynthetic functions, the apical cytoplasm becoming specialized for transmembrane absorption. As strobilization ensues, with the requirement for rapid growth of all portions of the proglottid more subcuticular elements may be simply added from a pool of undifferentiated cells to the base of the already differentiated cuticular cytoplasm. It should be pointed out that among the platyhelminths, cestodes have no parallel in magnitude of somatic growth, and the secondary attachment of cellular elements to the expanding syncytium would be expedient and mechanically more feasible than the alternative replication and subsequent polar differentiation of discrete epidermal units in situ. The syncytial arrangement of the apical cytoplasm would in turn facilitate this appositional growth of the underlying attached subcuticular cell population.
Comparison of the fine structure of the cestode integument with similar studies of other flatworms, while few, suggests a graded spectrum of organizational variations reflecting particular biological adaptations manifest in each group. Among the turbellarians, the ciliated integument serves primarily as an organ of locomotion, consistent with the free living existence of the majority of these forms throughout the life history. On the other hand, the advent of endoparasitism has obviated the need for an elaborate surface locomotor apparatus among adult cestodes and digenetic trematodes, though it has imposed stringent requirements for a greater degree of physiological integration with the environment. Accordingly, in these parasitic forms, the integument has become variously modified for roles primarily related to the interchange of materials with the host organism.
Summary
The host-parasite interface, in the ease of cestodes, is defined morphologically as a cell membrane circumscribing a complex coenocytic integument composed of a peripheral "cuticle", underlying muscular and secretory cells.
Studies with the electron microscope reveal the cuticular zone as an anueleate syncytium morphologically specialized for an absorptive function. The apical and basal surfaces are defined by triple layered plasma membranes. The former is projected as a series of closely spaced mierovilli. The basal eutieular membrane is closely applied to an underlying reticular basement layer by half-desmosomes. The eutieular matrix is filled with vesicles of varying density, contains mitochondria and other inclusions characteristic of typical cytoplasmic ground substance.
Cells in the subcuticular zone, continuous via apical cytoplasmic extensions with the cuticular cytoplasm, possess morphological specializations consistent with synthesis and elaboration of a protein secretory product. Such specializations include a well developed granular endoplasmic reticulum and vesicles, apparently derived from the cisternae of the endoplasmic reticulum, associated with a prominent Golgi apparatus. Similar vesicles occur amid aggregates of mitochondria in the apical cell processes and the cuticular matrix. It is suggested that structural and enzymic proteins occuring in the cuticular matrix may be synthesized in the subcuticular cytoplasm then transported in qunata to the apical regions of the integument.
Zusammenfassung
Bei den Cestoden wird die Beriillrung zwischen Parasit und Wirt morphologisch dutch eine Zellmembran hergestellt, die sich aus einer peripheren "Kutikula" und darunterliegenden Muskel-und Drfisenzellen zusammensetzt. Untersuchungen mit dem Elektronenmikroskop zeigen, dab die kutikul~re Schicht ein kernloses, morphologisch ffir adsorptive Aufgaben spezialisiertes Synzytium ist. Ihre £uBere und innere Begrenzung bilden dreischichtige Membranen. Aus der ~u6eren ragen zahlreiche, dichtstehende Mikrovilli heraus. Die innere Kutikularmembran ist durch Hemi-Desmosen innig mit einer unter ihr licgenden, retikul~ren Basalschicht verbunden. Die Matrix der Kutikula ist mit Blhschen unterschiedlicher Dichte angeffillt und enthi~lt Mitochondrien und andere ffir die zytoplasmatische Grundsubstanz charakteristische Einschlfisse. Bestimmte Zellen in der subkutikularen Zone, die durch apikale plasmatische Ausli~ufer unmittelbar mit dem kutikularen Zytoplasma in Verbindung stehen, besitzen morphologische Spezialisationen, die mit der Synthese (und Vollendung) eines Proteinsekrets in Zusammenhang stehen. Zu solchen Spezialisierungen gehSrt ein wohlentwickeltes, granul~res endoplasmatisches Retikulum sowie bl~schen-fSrmige Einschlfisse, die offensichtlich yon den Ausstfilpungen des endoplasmatischen Retikulums abzuleiten sind, und ein ausgepri~gter GolgiApparat. Bl~schen, die den genannten ~hnlich sind, treten zwischen Aggregaten yon Mitochondrien in den apikalen Zellfortsiitzen und in der Matrix der Kutikula auf. Es wird angenommen, da6 Struktur-und Enzymproteine, die in der kutikularen Grundsubstanz vorkommen, im Plasma der subkutikuli~ren Zellen synthetisiert und dann portionsweise in die ~u6ere Schicht des Integuments transportiert werden.
Acknowledgements. Sincere appreciation is extended to Drs. CLARK P. READ, 
